Abstract. The objective of this work is correlate the ignition delay times of Diesel S25 (25ppm)
INTRODUCTION
A shock tube is a device used to create the gas flow in order to simulate conditions of dynamic fluid flow. The simple configuration of shock tube is a tube of great length with constant cross-sectional area formed by two closed sections and separated by a diaphragm (Antonio, M. C. N.,2001 ). The figure 1 shows the design of a simple shock tube. The First section is called Driver section is filled with a gas or gas mixture until determined pressure, while another section called Driven remains at low pressure than the Driver section. When the pressure difference between the two sections is sufficient to makes the diaphragm rupture and a shock compression wave is driven toward the low-pressure section (Driven). Instantly a wave of expansion propagates toward the high-pressure section (Driver). The gases in the sections may or may not be from the same species as may or may not be at different temperatures before rupture of the diaphragm. After the rupture of the diaphragm compression shock wave causes movement of the mass of gas increasing the temperature and pressure in the section Driven. The wave of expansion decreases the temperature and pressure of the gas when it moves to the Driver section (Mcmillan, R.J.,2004 ). The figure 2 shows the sections of high and lowpressure shock tube before the rupture of the diaphragm. Immediately after rupture of the diaphragm form a region called the contact surface on which the gas sections are Driven and Driver and begin to mix. With the movement of the gas mass inside the tube that region disappears (Mcmillan, R.J.,2004 ). The figure 3 shows the regions formed between the contact surfaces after rupture of the diaphragm. The compression wave (also called an incident) propagates to the right end of the tube, this movement causes increase temperature and pressure of the gas in the section Driven. When the compression wave achieves the closed end of the tube the shock wave reflected and propagates toward the other end of the tube. In the movement of back the reflected wave find with the incident wave, the superposition of shock waves increases more the temperature and pressure of the gas in the Driven section. The reflected wave is responsible for causing often the dissociation and ionization of air. Also, the expansion wave moves toward the other end of the tube. When it reaches the end, also closed, the wave is reflected and propagates back to the center of the tube. This process continues until the gas pressure and temperature to stabilize, which typically lasts less than one second (Mcmillan, R.J.,2004 ).
The figure 4 shows the propagation of the shock wave, shock wave reflected, expansion wave, reflected expansion wave and the contact surface as a function of time after the rupture of the diaphragm shock tube. There are two parameters that determine the strength of the shock the pressure ratio between the sections Diver and Driven (P4/P1) and speed ratio of propagation of sound in the respective sections Driver and Driven (a4/a1). The ratio of the speed of sound is determined by the ratio of specific heats and molecular weights of the gases used in sections Driver and Driven (Mcmillan, R.J.,2004) . The figure 5 represents the conditions of shock tube before rupture of the diagram, assuming that the two sections are at the same temperature. The principles of normal movement of the shock are used to develop the relationships between the regions 1 and 2 on each side of the compression wave and between regions 3 and 4 each side of the expansion wave. Although initially there are only two gases in the tube, after the rupture of the diaphragm there are four states gas temperature, pressure, density and specific heat well defined for each region. The front of the shock wave and expansion wave the pressure, density and temperature are the same initial conditions sections of low and high pressure respectively, these regions are not affected by shock wave and expansion wave. Behind the shock wave the pressure, density and temperature increase, while behind the expansion wave these variables decrease. The region bounded by the shock wave and expansion wave is known as the contact surface. The figure 6 shows the conditions of shock tube after rupture of the diaphragm. The reflected shock wave travels at a higher speed and pressure than the incident wave (Mcmillan, R.J.,2004 ). The figure 7 shows the conditions of shock tube after reflection of the shock wave. The speed of sound for each state gas must be calculated using the Eq. (1).
 is the ratio of specific heats of the gas, R is the universal gas constant and T is the gas temperature in the respective regions of the tube. The Mach number can be determined using the following Eq. (2) (Mcmillan, R.J.,2004) .
Where Ms is the Mach number of the shock wave, the subscript 1 denotes the properties of the Driven section and the subscript 4 denotes the properties of the Driver section. With the Mach number known to the pressure ratio on both sides of the shock wave (P2/P1) can be calculated using the ratio shock wave given for Eq. (3) (Mcmillan, R.J.,2004) .
The pressure ratio (P2/P1) can be used to determine the temperature ratio (T2/T1) on both sides of the shock wave given for Eq. (4) (Mcmillan, R.J.,2004) .
The temperature of the gas behind the shock wave can be used to predict the dissociation and ionization of the air. The relationship between gas pressure and shock Mach number is asymptotic. Therefore, for each pair of gases Mach number there is a theoretical can be achieved. This theoretical maximum number indicated by a star subscribed can be calculated by Eq. (5) (Mcmillan, R.J.,2004) .
The velocity of the shock wave reflected depend the velocity of the incident shock wave and can be determined by the following Eq. 6 (Mcmillan, R.J.,2004) .
The increased pressure of the shock wave reflected depend the speed of the incident shock wave, this ratio can be calculated by the Eq. 7 (Mcmillan, R.J.,2004) .
The shock wave reflected stops the motion of the mass of gas, so that the propagation velocities of the gases behind the shock wave and the reflected shock wave front incident tend to zero. The equation (8) shows the relationship of movement of these gases (Mcmillan, R.J.,2004) .
The calculations involving speed of the gas molecules are simple and can be determined by the Eq. (9) (Mcmillan, R.J.,2004) .
To calculation of the actual speed of the shock wave, this can be calculated by the Eq. (10) (Mcmillan, R.J.,2004) .
To determine the relationship between pressure of reflected shock wave and incident shock wave using only the incident the following Eq. (11) can be used (Mcmillan, R.J.,2004) .
With the ratio compression known the ratio temperature of reflected shock wave and incident shock wave can be determined by Eq. (12) (Mcmillan, R.J.,2004) .
The temperature and pressure behind the reflected shock wave can be calculated knowing only the Mach number of the incident shock wave. This value can be determined from the velocity of the gas driven and wave velocity (Mcmillan, R.J.,2004) .
-EXPERIMENTAL PROCEDURE
The experimental procedure involved the instrumentation of the shock tube with three pressure sensors, flame detection sensor and fuel injector. The Figure 8 shows the position of the sensors in shock tube. The pressure sensor P3 monitors the pressure in the Driver section and the diaphragm rupture pressure, the pressure sensor P2 indicates the moment of passage of shock wave after diaphragm rupture, this information is used to control and define the fuel injection timing, the pressure sensor P1 shows the moment of passage of shock in region 1 where combustion occurs, the flame detection sensor T1 indicates the moment of combustion occur and the fuel injector FI which inject fuel in shock tube when the sensor pressure P2 feel the passage of shock wave. The sensors P1 and T1 are in the same position. The ignition delay time was calculated by the time difference between the passage of the shock wave by the sensor P1 and the start of the ignition detected by the flame sensor detection T1. Figure 9 shows the curve of the sensors P1 and T1 as well the time interval (Δt) which represents ignition delay time. The tests with combustion were performed with an acquisition rate of 40000 Hz. The tests were realized with 32 bar of pressure in section Driver (pressure rupture of diaphragm) and 25 °C of temperature in both section. The membrane was the placed located between the sections Driver (high pressure) and Driven (low pressure), this region is located in the middle of the tube. Was used membranes of aluminum and copper to rupture. The figure 12 shows the membrane of aluminum before the tests. The parameter for the measurement of the ignition delay was given as the start of the shock wave (P1) and the appearance of the light (T1). These beginnings are considered as the point of inflection in the pressure and light curves, it was shown in fig. 9 . The curves of both parameters in all tests was acquired in LABVIEW and plotted in the MATLAB. After the inflection points were determined graphically. The ignition delay is the interval between the beginning of the pressure wave in (P1) and the appearance of luminosity (T1) given by Eq.13. 
-RESULTS AND DISCUSSION
The table 1 shows the estimate of pressure, temperature, Mach number and speed of propagation shock wave incident and reflective calculated with equation 1 to 12. Table 1 -Pressure, temperature, Mach number and speed of propagation shock wave incident and reflective. Table 2 correlates the tests performed on the shock tube for the measurement of ignition delay time with cetane number of fuel. Table 2 -measurement of ignition delay time with cetane number of fuel.
The figure 13 presented the ignition delay time of Diesel S25, Ethanol Additive, Biodiesel B100 and Diesel Reference in function of shock temperature. 
